New geoehronologieal and geoehemieal data are reported for the San BIas Pluton (SBP), in the northwestern Sierra de Velaseo, Sierras Pampeanas, whieh intrudes Ordovieian granitoids developed during the Famatinian orogeny. A precise Carboniferous age of 340 ± 3 Ma is established by U-Pb dating of zireon using a sensitive high-resolution ion mieroprobe (SHRIMP). The SBP illustrates several petrologieal and geoehemieal eharaeteristies of previously reported Carboniferous granitoids in the Sierras Pampeanas. Their generation is eonsistent with a regional reheating of the erust at approximately 342 Ma, whieh resulted in the forn1ation of relatively large amounts of granitie melts that were emplaeed in higher erustallevels along master fractures (older master shear zones ofLower Paleozoie age). The SBP can be ehemieally defined as a typieal A-type granitoid related to posteollisonal or postorogenie magmatism. Its high REE eontent and extraordinarily high U and Th eoneentrations may have eeonomie signifieanee. Many previously published Devonian and Carboniferous K-Ar dates are reset Ordovieian ages, but the existenee of other Carboniferous bodies in the Sierra de Velaseo eannot be diseounted until detailed mapping of the whole Sierra is eompleted.
Introduction
Located in NW Argentina, the Sierras Pampeanas are a series of mountainous ranges, comprising crystalline basement intruded by di verse Paleozoic igneous rocks, which were elevated during Miocene to recent compressional (Andean) tectonics (e.g. Jordan and Allmendiger, 1986) (Fig. 1) . The igneous rocks were generated in three main orogenic events: (a) Pampean (latest Neoproterozoic-mid Cambrian), (b) Famatinian (early-mid Ordovician), and (c) Achalian (late Devonian-early Carboniferous) Rapela et al. , 1998a,b; Sims et al., 1998; Dahlquist et al. , 2005) . This study focuses on granitoid outcrops in the northwest of the defining a trend frorn quartz rnonzonite to syenogranitic facies (Rapela et al., 1992) . Pegrnatites, aplites, and, in sorne cases, quartz porphyries and rhyolites are related to the plutons. The geochernical characteristics of the Carboniferous granites are typical of those found in intracratonic settings, and they prirnarily plot in or near the within-plate field in tectonic mscrirnination magrarns (Rapela et al., 1992) . The isotopic characteristics of these granites have not been studied systernatically, though sorne 87Sr/86Sr data inrncate a significant crustal cornponent in the source. Despite their potential econornic significance, in that they are associated with U and REE rnineralization (e.g. Lira and Ripley, 1989; Grissorn, 1991; Saavedra et al., 1998) , few detailed stumes have been carried out on these granites.
Geology of the Sierra de Velasco
The Sierra de Velasco, located in the central part of the Famatinian belt (Rapela, 2000) , is dominated by Paleozoic granitic rocks and subordinate late Precambrian-Cambrian (?) low-grade metamorphic rocks (Fig. 1 ). This basement is unconformably overlain by minor remnants of middle-Iate Carboniferous to Permian continental sediments formed during regional uplift of the Sierras Pampeanas (e.g. the Paganzo Group) and locally by tertiary-recent continental basin sediments related to Andean tectonics. Aceñolaza et al. (2000) give a general description of the main units of the basement, which is adapted here according to recent geological, petrographical, and geochronological results reported by Pankhurst et al. (2000) , Toselli et al. (2000) , Alasino (2002) , Baez et al. (2002), and Hockenreiner et al. (2003) . The metamorphic rocks on the eastern flank of the Sierra de Velasco are phyllites, quartzites, and mica schists correlated with similar lithologies of the La Cébila Formation in Sierra de Ambato (Aceñolaza et al., 2000) . On the western flank, metasedimentary migrnatites of unknown age are found as large enclaves within the granites.
The most abundant rocks in the Sierra de Velasco are granitoids assigned to the Ordovician period (Fig. 1) . The most common varieties are as follows: (1) porphyritic biotite and biotite-muscovite monzogranite to syenogranite, with large microcline megacrysts; (2) coarse-to medium-grained biotite and biotite-muscovite granodiorite to monzogranite; and (3) coarse-grained cordierite and cordierite-garnet monzogranite, so far identified in the sectors of Sierra de Mazán (Toselli et al., 1991) and Pampa de la Viuda (pankhurst et al., 2000) . The main granitoids are the type 1 varieties. All the granitic varieties are foliated. In different places, the granitoids reveal superimposed mylonitic foliation (e.g. Rapela et al., 200 1b; Hockenreiner et al., 2003) . In the studied region, mylonitic rocks of the Tinogasta-Pituil-Antinaco (TIPA) shear zone (López and Toselli, 1993; Hockenreiner et al., 2003) are observed ( Fig. 1) .
Petrological characteristic of the San BIas Pluton
The SBP (Baez et al., 2002 ) is a semi-ellipsoidal intrusive body of approximately 100 krn 2 located in the northwestern part of Sierra de Velasco (Fig. 1) . The host rocks are Famatinian granitoids and mylonitic rocks of the TIPA shear zone (according to the nomenclature of Hockenreiner et al., 2003) . The contact ofthe SBP with the surrounding Famatinian granitoids is sharp and marked by a strong topographic relief. Moreover, the SBP lacks the penetrative mylonitic deformation of the TIPA shear zone, which is also widely found in the porphyritic granitoids of Sierra de Velasco (regional distribution of mylonites from Aceñolaza et al., 2000; Hockenreiner et al., 2003; Fig. 1) .
The dominant rock types in the SBP are porphyritic, biotite monzogranite to syenogranite in composition with accessory muscovite. Their petrography is characterized by large microcline crystals (3-15 cm long), which constitute 6-35% of the mode. The matrix is mediurn grained, equigranular, and formed mainly by quartz, microcline, albite, and biotite. Miariolitic textures have been observed. Baez et al. (2002) and Alasino (2002) recognize three additional facies, though their extent has not yet been determined for the area of the pluton, and in sorne places, they are limited to meter-scale blocks. These facies are as follows: (1) a common, slightly foliated porphyritic facies similar to the porphyritic granitoids of Sierra de Velasco (Alasino, 2002) ; (2) a mediurn-to coarse-grained equigranular facies; and (3) a 'granitic porphyry' facies, which is distinguished from the main facies by its fine-grained matrix. Felsic and mafic dykes cut the granites. Mafic microgranular enclaves have also been recognized (Baez et al., 2002) , mainly in the northern region of the SBP (e.g. Navidad de los Cerros, Fig. 1) . A fabric defined by the alignment of microcline phenocrysts is developed close to the margin of SBP and interpreted as magmatic in origin (Alasino, 2002) . Baez et al. (2002) conclude that the presence of mylonitic rocks (ascribed to the TIPA shear zone of Hockenreiner et al., 2003) as enclaves within the SBP and undeformed pegmatite dykes discordant to the regional fabric of the mylonites indicate postdeformational emplacement of the SBP. The age of the deformational event in Sierra de Velasco was estimated as 469±3 Ma by Rapela et al. (200 1b) . Similarly, Alasino (2002) presents several argurnents that the SBP does not belong to the early Paleozoic magmatism of the Famatinian orogeny, which pertain to:
Previous evidence for late emplacement of the SBP
1. The discordant relationship between the SBP and a host mylonite (TIPA shear zone) in the southwestern part of the outcrop. Remarkably, the mylonitic foliation trends almost E-W (265°) in the contact zone, compared with its regional trend of 340° ( Fig. 1 ). 2. Mylonitic enclaves (with kyanite-garnet-sillimanite assemblages), equivalent to the rocks of the TIPA shear zone outcrop in the Cerro la Punta (Rossi et al., 1999) (Fig. 1) , present in the SBP. 3. Deformation conditions for mylonitic rocks of the TIPA shear zone estimated in the range of 6.5-8 kbar (Rossi et al., 1999) , very different from the shallow emplacement of the SBP (Baez et al., 2002) . 4. Ovoid enclaves (meter-scale) in the SBP similar to porphyritic Ordovician granitoids of the Sierra de Velasco. These granitic enclaves have an internal foliation, unlike the host SBP. Our own observations confirm sharp contacts and are consistent with the idea that the granitic porphyry facies represents large enclaves of the Ordovician granitoids included in the main facies of the SBP.
Thus, there is good field evidence of the intrusion of the SBP significantly later than the emplacement and deformation of the Ordovician porphyritic granitoids of Sierra de Velasco, probably after they had undergone significant uplift.
General geochemistry characteristics
A sample of the porphyritic facies (VEL-6017) was taken from the outcrops at the NW end of Quebrada del Rincón (Fig. 1) ; we present its geochernistry in Table 1 . Major element geochemistry indicates that VEL-6017 is metaluminous (aluminurn saturation index < 1.0) and can be chemically defined as an A-type granitoid, in agreement with Whalen et al. (1987) , Eby (1990) , and Scheepers (2000) , displaying high total alkalis (8.56 % ), high F e2 o~otallMgO (45.75) ra tios, and low CaO, Sr, and P 2 0 5 contents. It is also silica rich. Its trace element geochernistry reveals an A-type granite signature with a remarkable enrichment in high field strength (HFS) elements such as Y (78 ppm), Nb (51 ppm), Ta (7.7 ppm), REEtotal Whole-rock major and trace elements were detennined using ICP and ICP-MS, respectively, at Activation Laboratories, Ontario, Canada (ACTLABs). Total iron as F~03' (352 ppm), Th (72 ppm), U (13 ppm), and Ga (28 ppm). VEL-6017 also shows enrichment in certain large-ion lithophile (LIL) elements, such as K and Rb. The Zr concentration (207 ppm) is normal for metalurninous granitic rocks. Multielement diagrams using data from Table 1 (plots not shown here) indicate an upper crustal signature, and REE pattems suggest fractionation of plagioc1ase without gamet, in agreement with the deductions of Toselli et al. (2000) . According to geochernical discrirnination parameters defined by Eby (1992) , the sample is a postcollisional or postorogenic granitoid (type-A 2 ofEby, 1992), emplaced at the end of a long period of high heat flow and granitic magmatism. The combined Th + U content of 84.20 (ThlU = 5.63) is much higher than the Clarke value of 21 ppm for granitic rocks (Scheepers, 2000) , characterizing granitoids of the SBP as radio element -enriched. Thus, the high REE and very high U and Th concentrations may have potential economic significance.
The isotopic characteristics of these granites have not been studied systematically; we have no new data for the SBP, but two samples analyzed by Rapela et al. (1982) yield initial 87Srr6Sr ratios of 0.7088, using the age, determined here, of 340 Ma. This ratio is indistinguishable from the initial 87Sr/86Sr ratio of 0.7086 given by a 337 Ma whole-rock isochron for the Capilla del Monte granite, Sierras de Córdoba and implies a common homogeneous source region with a significant crustal component. The composition of VEL-60 17 is very similar to those of granitoids in the Sierra de Zapata of Carboniferous age, which have been interpreted as the last phase of within-plate magmatism (Rapela et al., 1996) . Based on these characteristics, VEL-6017 can be distinguished chemically from the ca1c-alkaline granitoids of Ordovician age generated during the Famatinian Orogeny (see Pankhurst et al. , 1998; Dahlquist, 2000; Dahlquist et al., 2005 , and references therein).
Previous geochronology
The first geochronological results for the granitic rocks of the Sierra de Velasco were part of a regional K-Ar age study in the Sierras Pampeanas carried out by Linares and González (1990) . Their results from 46 widespread localities in granitic rocks of Sierra de Velasco suggest two periods of plutonism: at 330-340 Ma (early Carboniferous) and 440--450 Ma (late Ordovician). The oldest ages obtained (475--479 Ma, early Ordovician) are from the Sierra de Mazán (Fig. 3) , the northeastem branch of the Sierra de Velasco. Two samples were dated from different areas of the SBP described herein (332 ± 16 Ma, whole rock; 328 ± 10 Ma, muscovite). Recently, U-Pb SHRIMP dating of granitic rocks from Sierra of Velasco and Mazán, inc1uding the cordierite-bearing facies ofPampa de la Viuda, has indicated a c10sely constrained early Ordovician crystallization age for several facies of the porphyritic Ordovician granitoids of the Sierra de Velasco (484.2± 3.1 Ma, Villa Mazán; 481.0±2.8 Ma, La Puerta; 481.4± 2.4 Ma, Pampa de la Viuda; Pankhurst et al., 2000; Rapela et al., 2001b) . Furthermore, analyses of distinct low-U zircon overgrowths in the cordierite-bearing granite suggest that a high-temperature metamorphic event overprinted these rocks at 469.0 ± 3.9 Ma (Rapela et al., 2001b) . This event is younger than that magmatic age of 481 ± 2.4 Ma shown by these granitoids (Rapela et al., 2001b) . However, the Sm-Nd garnet analyses in neighboring areas of the prominent NNW -SSEtrending TIPA shear zone have yielded an early Devonian age (402.0 ± 2.0 Ma, Hockenreiner et al., 2003) .
New SHRIl\1P U-Pb zircon age
Zircons were separated from sample VEL-60 17 at NERC Isotope Geosciences Laboratory, UK, and analyzed for U-Pb isotopic composition using SHRIMP RG at the Australian National University, Canberra (Williams, 1998) . Photographic and cathodoluminescence images (Fig. 2) show that they are moderately euhedral platy needles, with outer concentric zonation on complex inner cores and occasionally with a thin outermost rim of luminescent (low-U) zircon. The igneous crystallization of the granitoid is considered represented by the concentric zonation, best developed in the tips of long crystals, which were targeted for analysis. Nineteen such analyses were carried out (Table 2) and are plotted in a Tera-Wasserburg diagram (Fig. 2) . Following standard practice for young ages dated by SHRIMP, we ca1culated 238UP06Pb ages after correcting for cornrnon Pb on the basis of the measured 207Pb. Two analyses with large errors appear to have suffered Pb-Ioss, and the oldest one, at 355 ±4 Ma, may contain a slight inheritance, as indicated by the cores. No such problems are apparent for the remaining 16 ages, which give a well-defined mean of 340 ± 3 Ma. This age is taken to refer to crystallization, dating the emplacement of the SBP in the Visean stage (or possibly very latest Toumaisian) of the Carboniferous period, according to the 2002 IUGS stratigraphic chart. It c1early represents a separate, much younger event than the mid Ordovician granitoids of the Velasco batholith.
Discussion

Composition of the Devonian-Carboniferous granites
Three main granitoid groups have been recognized in the Eastern Sierras Pampeanas using chronological criteria and through association with major orogenic episodes (Rapela et al., 1990 ). This c1assification, modified slightly, has been extended to Paleozoic granites in other geological provinces of southern South America (Rapela et al., 1992; Rapela and Llambías, 1999; Pankhurst et al., 2000) with the following designations: G 1 = Precambrian-middle Cambrian granites (pampean), G2 = late Cambrian-Devonian granites (Famatinian), and G3 = Devonian-Carboniferous granites.
The large amount of geochronological data on the Pampean and Famatinian granites reported during the past 10 years has improved our knowledge of the timing of these groups, but the late Paleozoic granites emplaced after the metamorphic peak of the Famatinian orogeny have received relatively little attention. Sims et aL (1998) consider the voluminous Devonian intrusive rocks in Sierras de Córdoba and eastem Sierras de San Luis associated with Devonian low-grade shear zones, together defining the Achalian orogeny. According to this interpretation, these Devonian granites, such as the Achala and Cerro Aspero batholiths (e.g. Pinotti et al., 2002) , are not postorogenic intrusions of the Famatinian orogeny, as suggested by Rapela et al. (1998b) , but belong to a distinct tectonomagmatic event. In NW Argentina, this episode produced extensive NNW-SSE-trending ductile shear zones that reached amphibolite grade, inc1uding the TIPA shear zone (Hockenreiner et al., 2003) . The Devonian compressional episode also has been related to either collision of the Chilenia terrane with the proto-Pacific margin (Sims et al., 1998) or final collision between the Famatinian magmatic arc and the Pampean hinterland (Hockenreiner et al., 2003) . To be consistent with previous associations between the names of the orogenies and those of the associated granitoids, we call the Devonian and Carboniferous granites Achalian granites (Fig. 3) .
Carboniferous granites are the youngest representatives of the Achalian orogeny and conc1ude the Paleozoic magmatic evolution of the Sierras Pampeanas (Fig. 3) . This intrusive event preceded late Carboniferous exhumation of deep metamorphic levels and deposition of the continental sediments of the Paganzo Group. In most cases, the Carboniferous granites seem to be shallow-emplaced plutons dominated by facies with K-feldspar megacrysts. They are small, isolated, sub circular plutons scattered through the eastern Sierras Pampeanas without any obvious spatial arrangements. The aggregation of plutons results in bodies of batholitic size, as in Sierra de San Luis (Brogioni, 1987) . Carboniferous examples of the Achalian granite group are the Cerro Amarillo granite (Cumbres Ca1chaquíes, 330 ± 10 Ma, K-Ar, Rapela, 1976) , Sauce Guacho granite (Sierra de Ancasti, 334 ± 11 Ma, Rb-Sr, Knüver, 1983) , Los Ratones granite (Sierra de Fiambalá, 335 Ma, U-Pb zircon; 325 Ma, U-Pb monazite, Grissom et al., 1998) , Granito Capilla del Monte (Sierra de Córdoba, 336.6 ± 2.4 Ma, Rb-Sr, Saavedra et al., 1998) , Las Chacras-Piedras Coloradas batholith (Sierra de San Luis, 321 ± 16 and 336 ± 17 Ma, K-Ar, Brogioni, 1987; 335 ± 10 Ma, Rb-Sr, Brogioni, 1993) (Fig. 3) , and Cerro Veladero granite (Sierra de Umango, 311 ± 15 Ma, Rb-Sr, Cingolani et al., 1993) . In the Achala batholith, though a conventional U-Pb age determination in the central part of the body indicates a Devonian age (368 ± 2 Ma, Dorais et al., 1997) , Rb-Sr isochrons in the northeastem margin of the batholith suggest a Carboniferous age (337 ± 30; 358 ± 9 Ma, Rapela et al., 1991) . Despite the variety of dating methods employed, most of these ages are constrained to the 330-340 Ma interval (early Carboniferous), indicating a rapid and voluminous magmatic pulse.
The new U-Pb SHRIMP age obtained for the SBP (340 ± 3 Ma, Fig. 2 ) is more precise than any previous ages obtained in the Carboniferous group and similar to the 342.2 ± 1.8 Ma age for apatite from metagranodiorites associated with the TIPA shear zone, which is believed to represent peak metamorphic conditions during a crustal heating process (Hockenreiner et aL, 2003) . It is also coincident with K-Ar Carboniferous K-Ar dates may be reset Ordovician ages, but the existence of other Carboniferous bornes in Sierra de Velasco cannot be rnscounted until detailed and dating of the whole Sierra is completed.
The SBP illustrates several characteristics of the Achalian granites group: (1) dominant biotite porphyritic me)flz;ograrnte to composition, ruscordant field relationships, (3) nearly circular geometry, relative lithological with dominant porphyritic texture (large K-feldspar crystals), (5) shallow emplacement in master fracture zones in an extensional tectonic .L....,¡"'.u.Jl~....,jLI, and (6) the presence of pegmatites, aplites, and granitic dykes. The data for our of the SBP show remarkable similarity to those reported for the granitoids of Sierra de Section the SBP could represent a prolongation of Sierra de Zapata granite magmatism. and to the ideas of Hockenreiner et al. (2003) , the Cerro Veladero Carboniferous granite was ....,.L.uf.HU.'~...., ..... to the east of the TIPA shear zone (Fig. 3) .
Conclusions
New SHRIMP U-Pb zircon ages establish the presence of Carboniferous magmatism in Sierra de as rel)fe:se:nte;d by the SBP. The SBP intrudes Ordovician granitoids developed during the Famatinian orogeny, confirming previous field observations that inrncate the later of the SBP (Alasino, 2002; Baez et a1., 2002) .
The chenllcal inrncates that the SBP is an A-type granitoid related to postcollisional or postorogenic events. It shares several petrological and characteristics with the Achalian granites group. Similarly, the SBP could be a prolongation of the of Sierra de Zapata. The high REE content and extraorrnnarily high U and Th concentrations in these may have econonllc significance.
The Carboniferous age of the SBP in Sierra de Velasco shows that detailed sturnes can reveal the presence of Achalian The existence of other Carboniferous bomes in Sierra de Velasco cannot be mscounted until detailed mapping of the whole sierra is completed. We agree with Hockenreiner et aL (2003) that regional reheating affected the crust of the Sierras Pampeanas during Carboniferous time ('" 342 Ma), resulting in the formation of relatively large amounts of granitic melts, which were emplaced at higher crustal levels. The source of heat that caused the production of relatively large amounts of granitic melt during the Devonian-Carboniferous remains undetermined. Recently, Hockenreiner et al. (2003) proposed a schematic model in which the heat source comes from the asthenospheric uprise, favored by the break-off of the subducted lithospheric plate (to form a slab-window) in a dorninant compressional regime at approximately 402 Ma.
Accormng to Hockenreiner et al. (2003) , the TIPA shear zone that affects the porphyritic Ordovician granitoids in the northwest of the Sierra de Velasco, but not the SBP (as we inmcated in Section 2.2) (Fig. 1) , was mainly developed around 402 Ma. Thus, the SBP is a late Achalian granite emplaced at shallow levels along old master fracture zones of late-middle Ordovician or early Devonian age, according to Baldo et al. (1999) , Rapela et al. (2001b) , and Hockenreiner et al. (2003) , respectively. Reactivation probably took place during a tectonic event likely related to extensional regirne, as has been suggested for other Achalian granitoids (pinotti et aL, 2002) . However, this issue remains poorly constrained.
